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Context: This white paper is a summary of the photo-z calibration needs described in the 
Snowmass White Paper Spectroscopic Needs for Imaging Dark Energy Experiments by Newman 
et al., available at http://arxiv.org/abs/1309.5384.  That white paper focuses on estimating the 
amount of spectroscopic redshift data required to enable photometric redshift measurements with 
future imaging dark energy surveys.  It divides the applications of spectroscopy into training, 
i.e., the use of spectroscopic redshifts to improve algorithms and reduce photo-z errors; and 
calibration, i.e., the accurate characterization of biases and uncertainties in photo-z’s,  which  is  
critical for dark energy inference.  We summarize here the conclusions from that white paper 
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relevant to the calibration of LSST photometric redshifts; a separate white paper (Abate et al.) 
will focus on training needs.  We refer the reader to the Snowmass white paper for all references. 
The problem of calibration is that of determining the true overall redshift distribution of samples 
of objects selected in some way; miscalibration will lead to systematic errors in photo-z’s and 
hence in almost all extragalactic science with LSST.  For LSST, for instance, it is estimated that 
the mean redshift for each sample used for cosmology (typically, objects selected within some 
bin in photometric redshift) must be known to ∼2x10-3(1+z), i.e., 0.2%. 
If extremely high completeness (>99.9%) is attained in the training samples described in the 
Abate et al. white paper, then LSST calibration requirements would be met with no need for 
additional work. However, since existing deep redshift samples have failed to yield secure 
redshifts for a systematic 20%-60% of their targets, it is a strong possibility that future deep O/IR 
redshift samples will not solve the calibration problem. The best options in this scenario are 
provided by cross-correlation methods.  These techniques take advantage of the fact that bright 
galaxies (whose spectroscopic redshifts may be measured easily) and fainter objects (which can 
only be studied with photo-z’s)  both  trace  the  same  underlying  dark  matter  distribution.    These 
methods cross-correlate positions on the sky of objects with known redshifts with the locations 
of those galaxies whose redshift distribution we aim to characterize.  By measuring this signal as 
a function of the known spectroscopic redshift, one can determine the z distribution of a purely 
photometric sample with high accuracy. 
 
Basic Requirements: Cross-correlation calibration for LSST will require spectroscopy of a 
minimum of ∼105 objects (in order to limit shot noise) spanning hundreds of square degrees 
(which limits the impact of field-to-field variations in measured clustering amplitudes, which 
dominates errors if field sizes are small). The autocorrelation properties of the spectroscopic 
sample must also be measured, requiring that, if spectroscopic data is obtained in many small 
fields, those fields must span several clustering scale lengths (~5h-1 Mpc comoving for typical 
galaxy samples, corresponding to a minimum field size of ~20 arcminutes in diameter at z~1). 
The spectroscopic sample need not be representative in type or magnitude, but it must span the 
entire redshift range of and overlap spatially with the photometric sample that is to be calibrated.   
 
Given these requirements, we now respond to specific questions from the committee: 
 
Q1.  What O/IR capabilities are you using, are you planning to use, and will you need 
through the LSST era?  Sufficient spectroscopy for the most basic calibrations should be 
provided by the Baryon Acoustic Oscillation Experiment eBOSS (which began in Summer 
2014). eBOSS should obtain redshifts of 1.5 million galaxies and QSO's over a redshift range of 
0.6<z<4 over 7500 square degrees of sky. The planned Dark Energy Spectroscopic Instrument 
(DESI) will obtain redshifts of 20 million galaxies over a similar redshift range, but covering 
more than 14,000 square degrees of sky. DESI will have more than 3000 square degrees of 
overlap with LSST, vs. ~500 for eBOSS/LSST.  DESI will therefore provide excellent 
calibration and redundant cross-checks via cross-correlations with different populations of 
objects at the same redshifts (e.g., both LRGs and ELGs from DESI can be used at z<1; both 
ELGs and QSOs at 1 < z < 1.6; and both QSOs and absorption-line systems or the Lyα forest at 
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z>1.6).  Redshifts from Euclid grism and/or WFIRST/AFTA grism and IFU spectroscopy could 
also contribute, but only in the limited redshift ranges for which the multiple line features needed 
for a secure redshift may be identified; hence ground-based O/IR spectroscopy is critical for this 
work.   
The main DESI survey provides minimal numbers of redshifts at z<0.6; as seen in Fig. 3-3 of our 
Snowmass white paper, even with the incorporation of SDSS and BOSS redshifts, cross-
correlation calibration falls short of LSST requirements at z < 0.2, which would mean that 
regime would need to be excluded from dark energy analyses, resulting in a modest degradation 
of cosmological constraints.  It was recently proposed that DESI be used during bright time that 
is not useful for the main survey to perform a survey of ~10 million galaxies with r<19.5 over 
14k or 20k square degrees, which would provide a large spectroscopic sample with median 
redshift z~0.2.  If funded, this extension of DESI would enable accurate cross-correlation 
calibration over the full LSST redshift range, in addition to enabling a variety of other science.   
 
Q2.  Do you have access to the O/IR capabilities you currently need to conduct your 
research? There is some overlap between the membership of the eBOSS, DESI, and LSST 
teams; given that this overlap is not total, we expect that LSST will rely on the planned public 
archives of this data for our work. 
 
Q3.  Comment on the need for the U.S. community's access to non-­‐‑federal O/IR facilities up 
to 30 meters in size: If DESI does not go forward, it is likely that a large BAO survey would be 
pursued by scientists in other countries using one of a variety of proposed facilities (e.g. 4MOST 
or WEAVE).  In that scenario, LSST would require access to data from such surveys to obtain 
secure photo-z calibrations.   
 
Q10.  What types of scientific and observing coordination among the various NSF 
telescopes (including Gemini and LSST) and non-federal facilities are the most important 
for making scientific progress in the next 10-15 years?  How can such coordination best be 
facilitated?  Given  LSST’s  location  in  the  Southern  hemisphere,  an extension of DESI to the 
south via transfer to or duplication at the Blanco telescope would provide the best possible 
calibration from cross-correlations.  It would also enable many other synergies between imaging 
and spectroscopy, including science from the LSST imaging of spectroscopic objects directly; 
galaxy-galaxy lensing measurements; and constraints on the mapping between faint galaxies and 
dark matter halos provided by the same cross-correlation measurements used to calibrate 
photometric redshifts.  Such a transfer would also allow the measurement of spectroscopic 
redshifts for the majority of SN Ia hosts with well-sampled light curves from LSST, a project 
that is infeasible without the wide-field spectroscopic capabilities and high multiplexing afforded 
by DESI.   
 
 
